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Abstract
Freight transport is an essential issue to the competitiveness of territories but the negative impact that it induces, like polluting 
emissions and their physical consequences on public health, have received growing attention in recent years. Policy makers set 
goals for sustainable development transportation. Since 1 January 2014, all new trucks have to be powered with a Euro 6 certified 
engine. Inland waterways are used for transportation of goods and are recognized for their contribution towards sustainable 
development therefore, engine’s barges are old and emission of air pollutants are significant. Currently, the emission limits for 
inland waterway barges are defined in the Directive 97/86/CE on non-road mobile machinery. That emission limits are similar to 
Euro 2. The Euro 6 regulations reduced significantly the emission limits. The European Commission has recently proposed 
a revision of the Directive 97/86/CE which will significantly reduce emission limits. Development of new engines for the small 
market of small barges in France and also in Europe will be very expensive. Small barges owners should not be able to afford 
investments in new engines. The range of road engine power is similar to the small barges one. Using Euro 6 heavy duty engines 
will permit to reach low emissions of air pollutants and should be less expensive for small barges owners. A technical feasibility 
study had been carried out. It was based on an approach of all parameters of the re-power existing barges. Stakeholder’s interviews 
permitted to deepen same specific topics. The technical feasibility study, added with expected environmental effect, has shown that 
no technical impossibility had been identified, but some key technical issues have to be considered. It has also confirmed re-
powering existing barges (same propulsion power value, no change in naval transmission, etc.) with Euro 6 truck engines is 
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interesting to limit significantly emission air pollutants. The on-board diagnostic controls monitor the engine’s exhaust treatment 
and, it’s important to adapt this monitoring for engines used in barges.
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1. Introduction
Global warming, reduction of greenhouse gases and air pollutants are a major issue of our time. In a few decades 
the development of human activities led to an unprecedented increase of this pollution in spite of the launched alerts. 
Even if polluting emissions are in decrease in Europe over the last 20 years (with a cyclical effect due to the crisis of 
2008), we notice that the part of polluting emissions connected to transport is increasing, in spite of a global decrease 
of the polluting emissions of this sector over the last 20 years.
Fig. 1. Evolution of polluting gases emissions in EU (1990-2012)  Fig. 2. Evolution of gasses emissions by sector in EU (1990-2012)
(Eurostat). (Eurostat).
Because transport is essential to human activities, and it has a strong dependence on hydrocarbons (oil and its 
derivatives in particular), it is the object of a specific environmental policy. For road transport, it has resulted in the 
introduction of the road emission standards Euro 0 to Euro 6 (from 1990 until today) which allowed to drastically 
reduce the level of polluting emissions of road vehicles. For inland navigation, the introduction of regulations to 
reduce the level of emissions was done later. It began in the 2000s, with the CCNRI1 standard less progressive (only 
one implementation in 2007: CCNR II and coming in to force of Directive 97/68/EC for inland navigation vessels 
with EU Stage 3A2).
If transport by inland waterways remains very competitive from an environmental point of view, this 
"environmental advantage" over the road is decreasing as it is indicated by PANTEIA (2013) in the study "Contribution 
To Impact Assessment of Measures for Reducing Emissions of inland navigation" ordered by the European 
Commission. This study, carried out within the framework of the European program for the promotion of inland 
waterway transport (NAIADES program), also showed that while greening solutions are possible for large boats 
(switching to LNG, development of post-treatments exhaust gases, etc.) difficulties were identified on small units 
considering the amounts of investment to be made and their financial capacities. However, these boats cause less than 
3% of the total polluting emissions of inland navigation boats in Europe. 
1 Central Commission for the Navigation of the Rhine
2 European emission standards for engines used in new non-road mobile machinery (NRMM) 
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Considering their very low market volume, inland navigation boat engines have not been specially developed by 
engine manufacturers. This market is largely "hung up" to the marine engines market with which it shares technical 
and architectural characteristics. The purchasing costs of these engines are relatively high (high technical 
specifications, lower series effect, etc.), but with a theoretical lifetime higher than road engines. Regarding propulsion 
facilities of these small boats ("Freycinet" type), that are operated in France and Europe, their power ranges, their 
commercial use and their operating rates would bring them closer to those used in road transport by trucks. 
Installations of truck engines on board of inland navigation boats have already been conducted in Europe (some 
companies are specialized in this field).
This study dealt with the engine’s powering conditions of small inland navigation vessels ("Freycinet" type) in 
France (but the issue is shared in Europe). It specifically targeted the technical feasibility, the economic feasibility 
and the expected environmental impact of greening these boats by installing Euro 6 generation road diesel engines.
2. Technical feasibility
The analysis of the French fleet of small boats (“Freycinet” type) indicates that they are old (57 years on average) 
and ageing (very few new builds since 1970s). The fleet is mainly composed of boats with a single hold for dry bulk 
cargoes. Their propulsion facilities consist conventionally of a diesel engine, a propeller shaft and a propeller with 
fixed blades.
The typical “Freycinet” boat is a vessel of 39 meter in length, a beam of 5.05 meter, a depth of 2.5 meters. Its 
deadweight is 370 tons.
Fig. 3. Typical French “Freycinet” boat.
Propulsion engines installed on these units have a power ranging from 110 kW to about 300 kW, with an average 
around 210-220 kW. These engines are old (30 years old on average) and have poor environmental performances 
compared to current standards (EU Stage 3A or CCNR II). The technical feasibility study was carried out at constant 
propulsive power by minimizing the impact of the re-powering operation, with a Euro 6 engine, on the boat propulsion 
systems. Re-powering consists of three main steps: 
x selection of  the new engine (Euro 6 model), 
x marinization of road engine, 
x removing of the existing and integration of tuck engine’s marinized. 
2.1. Choice of the Euro 6 engine:
Euro 6 engines are the latest engines designed by manufacturers. They are mainly based on the Euro 5 engine 
generation:
x Very high pressure electronic controlled fuel injection,
x Exhaust Gas Recirculation (EGR), 
x Exhaust gases post-treatment. 
If the electronics and the EGR were yet used in Euro 5 generation (they have been optimized), the post-treatment 
unit was notably improved (urea injection).
Deadweight : 370 t
Length : 39 m
Breath : 5,05 m
Depth : 2.5 m
Engine power : 300 HP
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The very high pressure injection (electronic controlled) allows to optimize the combustion of diesel fuel and 
reduces particulate matters (PM). The use of EGR reduces NOx but generally increases particulates. The post-
treatment unit which includes a Diesel Oxidation Catalyst (DOC), a Diesel Particulate Filter (DPF) and a Selective 
Catalytic Reduction (SCR, it is a NOx converter with urea injection), is used to reduce all pollutants to an acceptable 
level. The cleanup strategy integrates these three main elements, they form a package. The sizing of each component 
depends on the strategy chosen by the manufacturer (act on NOx or on particulate matters).
Fig. 4. Typical Euro 6 emission control system (by SCANIA).
At same power, road and marine engines (used in inland navigation) have similar characteristics. However, truck 
engines generally have a cylinder displacement (useful volume of cylinders) lower and a slightly higher engine speed 
than marine engines. This also results in a slightly lower engine torque. This explains the higher theoretical lifetime 
of marine engines. These differences are less important today. The expected lifetime of existing truck engines is 1.2 
to 1.5 million km, or 20 000-30 000 hours (ie10-15 years on the basis of an annual average of 2000 hours, 100 000 km 
/ year). We note also a lower compression ratio for truck engines, promoting the reduction of NOx production. 
For shaft line and fixed blade propeller installation, the engine is "chosen" to develop its rated output power at rated 
operating speed (it is the functioning point of the engine). The required power is evaluated on the basis of the most 
"penalizing" navigation conditions. The shaft, gearbox and propeller are "determined" in order to have the best 
performance at the operating point (speed and torque).
Fig. 5. Selection of the new engine: same functioning point.
For low speed engines (1250 rpm), there is no Euro 6 engine available. Speed limitation of a more powerful engine 
is possible if the torque ranges are compatible with the existing engine. For powers greater than 250 kW and speeds 
above 2000-2200 rpm, the engines offer of the Euro 6 market is poor, it will be necessary to adapt the propulsion 
facilities (gearbox, shaft, propeller, etc.). These engines represent less than 5% of the engines installed on board of 
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"Freycinet" vessels. More than 80% of in-use engines have a rated speed less than 2000 rpm (over one engine in two 
has a rated speed of 1800 rpm).
For low speed engines (1250 rpm), there is no Euro 6 engine available. Speed limitation of a more powerful engine 
is possible if the torque ranges are compatible with the existing engine. For powers greater than 250 kW and speeds 
above 2000-2200 rpm, the engines offer of the Euro 6 market is poor, it will be necessary to adapt the propulsion 
facilities (gearbox, shaft, propeller, etc.). These engines represent less than 5% of the engines installed on board of 
"Freycinet" vessels. More than 80% of in-use engines have a rated speed less than 2000 rpm (over one engine in two 
has a rated speed of 1800 rpm).
Fig. 6. Specifications of in use engines and Euro 6 engines.
2.2. Marinization of the Euro 6 engine
Marinization is a key step. It was tackled by considering the fluid circuits. Electrical circuits (excluding controls 
and monitoring), fuel and lubrication circuits present no particular technical problems. Specific provisions must be 
taken to ensure the accessibility of different filters and filling (drain) holes. 
Contrary to truck engines, vessel engines are generally installed in a "confined space": the engine room. It is 
therefore necessary to properly ventilate the compartment, in particular to supply air to the engine for fuel combustion. 
The ventilation of the engine compartment can be natural or forced (fan). Generally the air is introduced into the 
engine compartment with fans. In some cases, a pipe is placed between the engine air filter and the shell allowing a 
direct air supply from the outside to the engine. 
The exhaust gas circuit must be adapted to the engine and to the layout of the engine room. Any modification of 
the exhaust pipes upstream of the Euro 6 post-treatment unit remains difficult. Adaptations can be considered if it 
does not disturb its functioning. The post-treatment unit use a catalytic process and it is an essential part of the clean-
up strategy. The post-treatment unit has an integrated thermal insulation; the temperature of the outer shell can reach 
200 °C during the regeneration process of the particulates filter. The considerations regarding firefighting and people 
protection could impose an additional thermal insulation. Its installation and sizing should be confirmed by a thermal 
analysis (study) of the engine compartment. Considering the importance of temperatures for a correct functioning of 
the post-treatment unit, wetted exhaust systems are not admitted. 
To properly operate, the post-treatment unit requires the injection of urea based solution. It is a new fluid that has 
to be considered. The urea injection unit is mostly located close to the engine. The pumping unit is integrated in the 
urea tank. The capacity of the tank is about 20 litres. Urea consumption is of the order of 1 to 5% of the fuel 
consumption. The installation of this tank in the engine room should not be a problem (near the post processing unit). 
Adaptations (tank capacity and position) remain possible, but it must be confirmed by the supplier. 
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Adapting the controls and the monitoring devices presents no major technical difficulty in theory. Electronic plays 
a very important role in Euro 6 engines technology. This is particularly true for the fuel injection laws and the 
management of the post-treatment unit. The Euro 6 standards require a very accurate control process that cannot be 
done by mechanical devices. Generally the monitoring and control circuits are multiplexed (CAN BUS), the 
manufacturer will have to provide information and support to the supplier to ensure that these “changes” are compliant 
with an "on board boat" operating mode.
The adaptation of the cooling system is the main point of the marinization process. We have to move from an air / 
liquid cooling system (or air / air for the after-cooler) to a liquid / liquid cooling device. In the case of road engine, 
the engine is cooled by an air / liquid cooler through which a coolant air flow is generated by an electric fan and by 
the speed of the truck. As we saw, on a boat, the engine is placed in a confined and relatively closed space. The 
ventilation system of the engine room, in addition to supplying fresh air required for fuel combustion, contributes to 
the overall cooling by evacuating the heat transmitted by the engine to the air from the compartment. 
Fig. 7. Marinization process.
Considering the importance of temperatures level on the functioning of the engine and on the polluting emissions, 
the thermal analysis of the engine room will confirm that the engine will operate in accordance with the manufacturer's 
specifications 
2.3. Removing of the existing and installation of the Euro 6 marinized engine
Due to their architectural design and to maximize their deadweight, "Freycinet" boats are not fitted with deck 
hatches allowing an easy removal of the propulsion engine as it is usually the case on seagoing vessels. The removing 
of the existing engine is generally done by opening (cutting) the bulkhead between the hold and the engine room if it 
is not already equipped with a removable plate (bolted or welded). The installation of the new engine should not 
present any major difficulty. Effectively, for same power, truck engines are lighter and more compact. The engine will 
be placed on a specific support for transmitting the mechanical loads to the hull and for a correct alignment. Some 
critical points are to be taken into account like the positioning of the post-treatment unit.
3. Economic feasibility – environnemental expected impact
3.1. Economic feasibility
The economic feasibility was studied on the basis of the typical Feycinet boat introduced in paragraph 2. We 
assumed a navigation on small gauge inland waterway network (average speed of 4 km / h) and on large gauge one 
(average speed of 11 km / h). They are slightly different from the assumptions used by Thomas and Duvert (2006) 
for, including the average number of t.km (one ton of freight transported over one kilometre) which stood at about 2.4 
M t.km. It was difficult to obtain most recent data (no recent studies available), but it gives an indication. The 
maximum power of the engine is 300 horse power (HP).
The boats, operated in isolated navigation conditions, transport mainly cereals and building materials. Such 
voyages are done on the "capillary" network of inland waterways (small gauge network). At least one of the departure 
or arrival ports is located on the "Freycinet" navigation network; these boats thus are not in competition with larger 
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vessels. However, this type of commercial exploitation is competed by the road transport and by the mixed logistic 
solutions: navigation on the large gauge inland waterway network with pre-routing or post-routing by road.
For navigation in convoy, the t.km profitability is generally better. The engine power of the pusher is about 400 HP 
(i.e. about 295 kilowatts). The pushed boat is not necessarily powered. If it is, its engine power is relatively low (about 
100 to 150 kW). The engine is used to help the pusher during difficult manoeuvres.
To evaluate different types of commercial exploitations, other cases were investigated. They correspond to the 
average case more or less 25% of the number of t.km, or more or less 20% of the t.km profitability.
Regarding the accounting aspects, it was assumed that these re-powering operations are fully financed by loans (no 
initial contribution) with a maximum reimbursement period of 10 years. The annual interest rate is assumed to be 5%. 
We also suppose that the company has no other major investment to support. The depreciation of this investment is 
supposed to correspond, at most, to about 50% of the Gross Operating Surplus (GOS). This assumption allows the 
company to maintain sufficient financing capacity apart from this investment. The depreciation rate may be lower 
(25-40% of the GOS), but this may lengthen the depreciation period beyond 10 years unless an initial financial 
contribution exists. 
The economic feasibility of Euro 6 engine installation on board of "Freycinet" vessels is possible over a period of 
10 years considering the current exploitation conditions and the "economic viability" of this type of vessels. However, 
the specific financial situation of the company (debt ratio, existing depreciation charges, profitability) determines the 
economic feasibility of the project. The additional calculations highlight the effect of several parameters (number of 
t.km, profitability) on the economic feasibility. The operation is not possible at 10 years in some cases, although the 
present low interest rates make that the investment is less difficult to support.. 
The convoy navigation configuration (a "Freycinet" pushing another "Freycinet" or a non-propelled barge) 
generally has a better profitability, so it should offer a more advantageous economic feasibility.
3.2. Environmental expected impact:
The expected environmental impact was estimated for 4 different configurations:
x In use engine: technology of the 1980s,
x engine compliant with regulations in force: EU stage 3A (D 97/68) – CCNR II
x Euro 6 marinized engine,
x engine compliant with the option 3B of the Panteia (2013) report.
The number of functioning hours is taken equal in 2200 hours a year over duration of 15 years. The called average 
power used for the environmental costs estimation is worth 65 % of the maximal power (determined on the basis of 
the inland navigation engine cycles).
Fig. 8. Polluting emissions standards.
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We supposed that the polluting emissions values were equal to the limit values imposed by each standard, with the 
exception of the existing engines for which the values are the ones specified by Panteia (2013). Only pollutants with 
the most significant environmental costs (NOx and Particulate Matters) were considered for evaluating external costs 
(Panteia method).
The current polluting limit emissions of inland navigation engines are at the level of Euro 2 standard. The 3B option 
of the Panteia study moves then between Euro 3 and Euro 5 for the main pollutants.
The road engines test cycles and the inland navigation ones are different, emission values according to road cycles 
are not directly transferable to an inland navigation use.
However, numerical simulations of the performances of road engines according the inland waterway engines test 
cycles showed that, in this case, the emissions levels were equivalent from one cycle to another.
Fig. 9. Comparison of road engines test cycle versus inland navigation engines test cycle.
      Tab 1. Assumptions for environmental costs evaluations.
Polluting emissions levels
(g/kW/h)
Running hours Called power
(% of maximum 
power)
Total 
environmental 
costs
(€)NOx Particulate Matter
In use engines 10,1 0,5
2200 h /an
during 15 years 65 %
847 659
Engines compliant with CCRII or EU 
stage 3A
6 0,2 455 623
Euro 6 marinized engines 0,4 0,01 28 728
Engines compliant with 3B Option of 
PANTEIA study
2,1 0,11 179 230
Environmental costs per pollutant 
(from the PANTEIA study)
NOx = 0,012545 € / g
PM = 0,104219 € / g
The environmental costs of the other pollutants were 
neglected for a first evaluation (PANTEIA method)
For each technical evaluated solution, the environmental costs were evaluated by calculating the total emission for
each pollutant on the 15 years period multiplied by the specific pollutant cost rate.
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The NOx pollution is predominant with 70% of the total environmental costs. The Euro 6 solution has the lowest 
environmental cost.
Fig. 10. Environmental costs at 15 years for each propulsion engine solution.
The environmental impact is usually assessed through the ratio of the benefits for society on costs for society. The 
costs are taken into account through marginal costs between the evaluated configuration and the basis configuration. 
The marginal costs correspond to the difference between the total investment costs of the evaluated configuration and 
the total investments costs of the basis configuration. The benefits for society are evaluated through the differential 
between the external costs (environmental costs attributable to major pollutants) of the basis configuration (engine 
compliant with current regulations) and those of the evaluated configuration. It is the method used by Panteia (2013).
            Tab 2. Evaluation of expected environmental impact.
CCNR II or EU stage 3A 
Euro 6 
marinized 
PANTEIA Option 3B
Marginal costs : I
Basis solution
23 k€ 23 k€
Environmental benefit for the society : B 427 k€ 276 k€
Gross gain: Ratio B/I 18,6 12
Net gain: Ratio (B-I)/I 17,6 11
Compared to the current regulations (CCNR II or EU stage 3A), the ratio of benefits on investments exceeds 10 
for both evaluated solutions. With a ratio of about 19, it is the Euro 6 "marinized" solution that is the most 
advantageous one, in the general case. The technical solution compliant with the Panteia Option 3B has a ratio of 12. 
If the in use engines is chosen as the basis solution, the ratios are divided by two. 
The calculations do not take into account costs, maintenance costs and dismantling costs. However, recent engines 
and Euro 6 engines are more fuel efficient than the older generations of marine diesel engines. These benefits are 
mainly provided by the high-pressure fuel injection (electronic controlled). Even if Euro 6 engines require a post-
treatment of exhaust gases (and therefore consumption of urea), we can consider, in a first approximation, that the 
"equivalent" fuel consumption will remain unchanged. For maintenance issues, obsolescence of old engines will 
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ultimately lead to high maintenance costs, the Euro 6 engines were designed with low maintenance costs 
considerations.
4. Conclusion
Installation of road engines on these units is technically feasible for Euro 6 engines (even more for older 
generations) in a large majority of cases without “significant” changes of the propulsion facilities. The installation and 
the adjustments of the engine must be performed carefully, considering the vigilance points identified (compliance 
with operating parameters recommended by the manufacturer).
From an economic point of view, the commercial and financial conditions of the fleet, freight rates and the 
"economic model" adopted on that type of vessels will not allow this type of operations on a period shorter than 
10 years with the exception, perhaps, of a convoy navigation configuration. The greening solution with a Euro 6 
engine remains interesting because it is at the same cost level that the solution compliant with the PANTEIA Option 
3B. The economic feasibility of the operation is highly dependent on the financial situation of the companies. A high 
debt ratio, significant existing depreciation charges, poor profitability or limited own funds could challenge the project.
Installation of Euro 6 road engines has a better environmental performance than the CCNR II (or EU Stage 3A) 
solution or than the PANTEIA option 3B solution. Financial “incentives” could be offered to the sector for the 
installation of Euro 6 engines since the environmental performances is going beyond those introduced by the Option 
3B of the PANTEIA report.
The Euro 6 road engines (truck engines), adapted for a boat operating mode, could be accepted (no other 
equivalence recognition procedure) as propulsion engines or auxiliary engines on board of inland navigation boats. 
This possibility should be considered in the context of the current revision of the polluting emissions of European 
inland navigation vessels (regulation on Non Road Mobile Machinery). Therefore, the European and French markets 
of inland waterway transport of freight by small boats could benefit the latest technology from the road engines market 
(Euro 6).
This opens interesting perspectives. A prototype of a Euro 6 marinized engine and the implementation of 
a demonstrator (an inland navigation vessel powered by a Euro 6 engine) are the next steps to be reached if we want 
to consolidate this complementary solution to the development of new engines.
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